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Resume 
Nowadays the vehicle industry is focusing on making materials and technologies 
for automotive parts that satisfy the newest requirements. Reduction of the 
manufactured vehicle’s weight is such a requirement. There exist many solutions 
to satisfy this requirement. One of them is when hybrid materials is combined 
and fixed together. In this research some aspects of the hybrid joining process of 
steel and PMMA sheet were investigated. Due to the non-transparent type 
joining CO2 laser were applied from the metal parts and the laser power and the 
speed of spot movement were changed in order to roughly determine the process 
window. In case of adhesive based joining the surface conditions have high 
importance on the bond strength, therefore the effect of cleaning and blasting of 
the metal surface was also examined. To determine the role of the value of 
clamping force it was also changed in some cases. Tensile tests were carried out 
and the tearing force and the bonded area were measured. In this way the joint 
strength was determined in case of different setting. New bubble formation was 
also detected during the process. 
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1. Introduction 
Reduction of the vehicle weight inspires 
the development process of the chosen materials 
and technologies for automotive components. 
Environmental load and cost efficiency are not 
only important for the user, but it should be 
considered during for the whole lifetime, 
namely from manufacturing to recycling. 
Considering these aspects the main developing 
goal can be described, which have given new 
hybrid material couplings into vehicle industry. 
Metal-polymer joint is a significant and 
prevailing technology, which is used in different 
areas of automotive industry [1]. There are 
several solutions to join the metal and polymer 
parts, for example glue, rivets, bolts, but a new 
innovative technology could be if the 
concentrated heat induction is generated with 
laser beam [2-4, 11]. However due to 
constructive reasons, it is necessary to heat the 
metal side, because the polymer side in not less 
suitable when carbon or glass fibre reinforced 
plastic is used [5]. Based on literary references 
and developing trends, the research goal is to 
create hybrid joints by heating the metal side 
despite other researches, where the joint were 
created in the direction of the transparent 
polymer [6-7]. The hypothesis of this work 
upon is that by using proper technological 
settings, sufficient amount of heat will flow 
through the metal disk to create an adhesive 
hybrid joint with the polymer. Previous 
researches of the Department of Automotive 
Technologies show that good quality joints can 
be created using PMMA and S235 grade 
steel [2-3]. The authors investigated the joining 
process of PMMA plastic sheet and steel pin by 
laser assisted metal plastic (LAMP) joining [8-
10]. In this research, the same PMMA and steel 
materials were used, because of the previous 
results, which can be used to comparison. The 
structure of the hybrid joints were investigated 
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in the case of different laser settings. The 
bonding area and ultimate strength of the joints 
were measured, in order to find out the 
connection between the joints properties and the 
laser technical parameters. Quality of the 
created joints are depending on various 
parameters, such as the power of the laser beam, 
the velocity of the feeding, the size of the laser 
beam spot and the surface preparations and 
parameters of the joining materials. Any 
changes in these parameters could modify the 
heat absorption in the materials and create 
different joint geometry. 
 
2. Experimental procedure 
The used materials were a 2 mm 
thickness poly-methyl-methacrylate (PMMA) 
and 1 mm thickness S235 JR grade structural 
steel. The size of the sheets was 60 x 40 mm. 
The geometry of the PMMA and steel sheets 
and the experimental setup can be seen in 
Fig. 1.  
The laser beam was an 
Oerlicon OPL 1800 continuous wave CO2 gas 
laser with a maximal 1800 W laser beam power. 
The diameter of the laser beam was 8 mm on 
the top surface of steel sheet. The power 
distribution of the laser beam was TEM00. The 
laser beam was moved in the clamping device’s 
gap of 30 mm length with a CNC table. 
Nitrogen gas was used as shielding gas with a 
flow rate of 5 liter/min to protect the optical 
system of the laser and the molten area in the 
steel sheet. The air pressure in the clamping 
device was hold for 30 second after the laser 
treatment. 
In order to find out the limits of this new 
joining technology different laser treatment 
technological parameters were used. The laser 
beam power, the feed rate, the clamping air 
pressure and the surface preparation were 
changed during the research. The laser beam 
power was changed from 900 to 1100 W, the 
feed rate was 100, 200, 300 and 450 mm/min, 
the clamping air pressure 2, 6 bar and the 
surface preparation of the steel sheet was sand 
blasted on all side and one case blasted and 
cleaned with acetone. In one sample non blasted 
steel sheet was used. The variations of these 
parameters can be seen in Table 1. 
To analyze the structure of hybrid joints 
Olympus SZX7 stereo microscope 
measurements were used. The structure and the 
geometry of the joints, the bubble ratio in the 
joint can be investigated from the images. The 
area of the joints can be determined.  
Shear tensile test were carried out in a 
Zwick Z050 testing machine at a cross-head 
speed of 10 mm/min. The samples were vertical 
balanced in the cross-head to avoid the bending 
effect during the test with an opposite side 
thickness sheets. The shear strength can be 
calculated from the area of the joints and the 
tensile tests results. 
 
 
 
 
Fig. 1. The geometry of the PMMA and S235 steel sheets and the experimental setup. 
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Table 1 
The used technology parameters. 
Laser beam 
power (W) 
900 1100 
Feed rate 
(mm/min) 
10 200 300 450 100 200 300 450 
Clamping 
pressure 
(bar) 
6 6 2 6 6 
Surface 
preparation 
Sand 
spreaded 
Sand + 
Aceton 
Sand spreaded Sand spreaded 
 
3. Description of achieved results 
In one case, when non blasted steel sheet 
was used high percent of the laser beam 
reflected from the surface of the metal part and 
not formed the bonding. 
In Fig. 2 the joints with the smallest and 
the largest area can be seen. The joint with 
900 W laser power and 450 mm/min feed rate 
has the smallest joint area (Fig. 2a and 2b). The 
laser beam heating not cause melted pool in the 
steel, just heat affected zone appeared on the top 
and bottom side of the S235.  
The joint with the 1100 W laser power 
and 200 mm/min feed rate has the largest joint 
area (Fig. 2c and 2d). It’s because the high laser 
power and the low feed rate pairing cause the 
highest heat input into the S235 steel and much 
more heat can convention to the PMMA sheet. 
It’s important to optimize the heat input, 
because too much heat can damage the PMMA 
and the structure of the hybrid joint. Large 
melted pool can be seen in the S235 structure. 
Concentric bonding area can be seen in the 
PMMA structure with the melted pool. 
The bonding structures can be seen in 
Fig. 3. In case of low heat input the centre of 
the bonding structure contains only small 
bubbles and the PMMA only melted under the 
laser spot (Fig. 3a). When the heat input 
increased in the centre of the bonding 
appeared a wide gas channel in the PMM 
(Fig. 3b). Away from the gas channel, large 
and small bubbles contain the bonding. The 
gas leaved the channel through ducts on the 
bottom of the PMMA and exit end the end of 
the PMMA sheet. The melted area in the 
PMMA is wider than the 8 mm of diameter 
laser beam spot.  
The Fig. 4 shows the results of the strength 
calculating with these resolution of laser 
technology parameters setup. The diagram shows 
same parabolic trend with maximum points in the 
results when the same laser power was used. The 
samples with 900 W laser power and feed rate of 
100, 200 and 300 mm/min have higher strength 
than the 1100 W samples. It could be because of 
the lower heat input at the 900 W samples. More 
heat input not always increase the strength of the 
bond. Too much heat cause damage in the 
PMMA and not increase the strength of the 
bonds. The 1100 W samples have the same trend 
but shifted to right, to the lower heat input zone. 
1100 W samples have higher strength with 
450 mm/min. The size and number of the 
bubbles have an optimal ratio, when the strength 
is the highest. During the tensile test in cases of 
28 from 30 the sheets were separated, only in 2 
cases were the PMMA broken.  
The Fig. 5 shows the effect of the 
different surface preparation changing on to 
the shear force. When all side of the S235 
steel sheet was cleaned with acetone flow the 
shear force decreased, the reason could be the 
acetone cleaning fluid remained 
microelements after evaporation and these 
have negative effect for the bonding quality.  
In case when the air pressure decreased 
in the clamping device (Fig. 6) the shear force 
of the bonding is decreased. Lower clamping 
force causes lower strength between the S235 
steel and PMMA sheets. 
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Fig. 2. Top and bottom side of the joints: a) and b): 900 W, 450 mm/min 
 
 
 
Fig. 3. The microstructure of the joints: a) the smallest area joint: 900 W, 450 mm/min, b) the largest are joint: 
1100 W, 200 mm/min. 
 
 
. 
 
Fig. 4. Compare the 900 and 1100 W samples depending on shear tensile strength and the feed rate. The chart 
contains the error line for each setup. 
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Fig. 5. The effect of the acetone cleaning and 
changing with 900 W laser power and 200 mm/min 
setup. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The effect changing the clamping pressure in 
the clamping device with 900 W laser power and 
200 mm/min setup. 
 
4. Conclusions 
In this research, hybrid PMMA and 
S235 steel sheets joints were created using a 
continuous wave laser power with CO2 beam 
source and different technical parameter setups, 
the following conclusions can be drawn from 
this study: 
 Hybrid joints can be created using laser 
beam heating to the metal sheet side. 
 The shear tensile strength has an 
optimum, depending on the laser power and the 
speed of laser spot. With 900 W 200 mm/min 
and wit 1100 W the 300 mm/min has the 
optimum in case of the applied resolution.  
 The size and quantity of the bubbles in 
PMMA have optimum ratio to increase the 
shear tensile strength. 
 Sand spreading of the metal sheet 
increases the strength of the joint because of the 
higher laser absorption and better adhesion 
between the plastic and metal parts.  
 Higher clamping pressure cause higher 
share strength.  
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